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Claim 

A test mode setup circuit of a microcomputer, characterized by the fact that in a test 
mode setup circuit of a microcomputer that generates a test mode control signal for setting the 
microcomputer inside to a prescribed test mode, it is equipped with a test mode permit terminal 
to which a test mode permit signal for permitting the setup of the above-mentioned test mode is 
given, a setup data applying terminal to which test mode setup data of the number of bits 
corresponding to the number of test modes settable in the above-mentioned microcomputer are 
serially given, a shift register to which the test mode setup data of the above-mentioned number 
of bits are sequentially shifted, a shift clock control circuit that generates a shift clock for shifting 
the above-mentioned shift register based on a generation period of one level in the 
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above-mentioned test mode permit signal and said test mode permit signal, and a test mode 
decoder that generates the above-mentioned test mode control signal by decoding the stored 
contents of the above-mentioned shift register based on the other level of said test mode permit 
signal after the generation of one level in the above-mentioned test mode permit signal. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a test mode setup circuit of a microcomputer which is 
appropriately installed in microcomputers for evaluation, mass production, etc. 

Prior art 

In general, test terminal pins are installed in a microcomputer for evaluation, mass 
production, etc. In other words, prescribed test mode setup data are given to the test terminal pins 
of said microcomputer, so that said microcomputer is operated at a test mode based on the test 
mode setup data. As a result, whether or not said microcomputer inside is normally operated is 
decided. For example, in the microcomputer for evaluation, programs have been evaluated by 
implementing the test mode, and in the microcomputer for mass production, shipping has been 
selected using the implementation results of the test mode. 

Problems to be solved by the invention 

However, in the above-mentioned prior art, in case there are several kinds of test modes 
for test-operating the microcomputer, the number of bits of the above-mentioned test mode setup 
data is also required in accordance with the number of said test mode. For example, in case there 
are 16 kinds of test modes (oscillation test, program evaluation, external instruction operation, 
etc.), it is necessary to constitute the above-mentioned test mode setup data by 4 bits. In other 
words, in the test terminal pins of the conventional computer, since only the test mode setup data 
of 1 bit was given, it was necessary to install four test terminal pins in said microcomputer to 
give the above-mentioned test mode setup data of 4 bits to said microcomputer. In other words, if 
the number of test modes was increased, the number of bits of the test mode setup data also 
tended to increase. In other words, if the number of test modes was increased, increasing the test 
terminal pin become inevitable. 

Therefore, in case the number of test terminal pins was increased with the increase of the 
number of test modes in a microcomputer of one chip, since the absolute total number of pins in 
one chip was increased, the package was made large in scale. Furthermore, in the microcomputer 
of one chip in which the total number of bits was limited, as mentioned above, in case the 
number of test terminal pins was increased, a certain function for operating said microcomputer 
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had to be sacrificed as much as the increase portion of said test terminal pin, so that said 
microcomputer was not sufficiently exerted. 

Means to solve the problems 

In order to solve the above-mentioned problems, the present invention provides a test 
mode setup circuit of a microcomputer characterized by the fact that in a test mode setup circuit 
of a microcomputer that generates a test mode control signal for setting the microcomputer inside 
to a prescribed test mode, it is equipped with a test mode permit terminal to which a test mode 
permit signal for permitting the setup of the above-mentioned test mode is given, a setup data 
applying terminal to which test mode setup data of the number of bits corresponding to the 
number of test modes settable in the above-mentioned microcomputer are serially given, a shift 
register to which the test mode setup data of the above-mentioned number of bits are sequentially 
shifted, a shift clock control circuit that generates a shift clock for shifting the above-mentioned 
shift register based on a generation period of one level in the above-mentioned test mode permit 
signal and said test mode permit signal, and a test mode decoder that generates the 
above-mentioned test mode control signal by decoding the stored contents of the above- 
mentioned shift register based on the other level of said test mode permit signal after the 
generation of one level in the above-mentioned test mode permit signal. 

Operation 

The present invention pertains to a test mode setup circuit of a microcomputer which is 
appropriately installed in microcomputers for evaluation, mass production, etc., and has the 
following effects. In other words, in the constitution of the above-mentioned (d), first, if one 
level of a test mode permit signal is generated only for a prescribed period, a shift clock is 
generated only for the period from the shift clock control circuit, and test mode setup data of a 
prescribed number of bits are serially sequentially stored via the setup data applying terminal 
based on said shift clock. Then, if the above-mentioned test mode permit signal is at the other 
level, the test data decoder decodes the stored contents of the above-mentioned shift register 
based on said test mode permit signal held at the other level. As a result, a test mode control 
signal (decoded output) for setting the microcomputer inside to a prescribed test mode is 
generated from said test mode decoder. 

Thus, in order to increase the number of said test mode control signals, the number of bits 
of the test mode setup data being serially accumulated in the shift register may increase (the shift 
register of the number of bits equal to the number of bits of the test mode setup data may be 
installed). In other words, the number of setup data applying terminals being installed in the 



4 



microcomputer is always one pin, regardless of the number of test mode control signals. In other 
words, the package can be miniaturized, and the functions in the microcomputer can be fulfilled. 

Application example 

The present invention is explained in detail by an application example shown in the 

figures. 

Figure 1 is a block diagram showing the test mode setup circuit of a microcomputer of 
the present invention. Figures 2a, and j are respectively timing flow charts showing each 
waveform in Figures la, and j. 

The numerals and the constitution in Figure 1 are explained. (1) is a shift register being 
constituted by n bits (n: natural number), and in said shift register (1), test mode setup data of n 
bits for generating test mode control signals TMO-TM (2 n -l), which will be mentioned later, are 
preset from a data bus (2). Here, it is specifically assumed that said shift register (1) is 
constituted by 4 bits and 4-bit data of M D3, D2, Dl , and DO" of Figure 2f are preset in parallel 
from the LSB side to the MSB side in said shift register (1). 

(3) is a clock generating circuit, and an oscillation clock of Figure 2a is generated from 
said clock generating circuit (3). (4) is a fall detecting circuit, and said fall detecting circuit (4) 
generates a fall detecting pulse of Figure 2c each time the fall of the oscillation clock of Figure 
2a is detected. (5) is a reset generating circuit, and if a test start signal of Figure 2b and a fall 
detecting pulse of Figure 2c for a test operation of a microcomputer (6), which will be mentioned 
later, are provided to said reset generating circuit (5), a reset signal (test mode permit signal) of 
Figure 2d, which rises from "0" to "1," is generated from said reset generation circuit (5) by logic 
product "1" of Figures 2b and c. 

(7) is a T type flip-flop (hereinafter, called T-FF). The reset signal of Figure 2d is applied 
to an R (reset) terminal of said T-FF (7), and the oscillation clock of Figure 2a is applied to a T 
(trigger) terminal. In other words, if the reset signal of " 1 " (one level) of Figure 2d is applied to 
the R terminal of the above-mentioned T-FF (7), the reset of said T-FF (7) is released, so that a 
frequency-divided output of Figure 2e in which the oscillation clock of Figure 2a is frequency- 
divided into Vz is output from an Q (inverted output) terminal of said T-FF (7). Therefore, the 

above-mentioned shift register (1) carries out a shift operation, using Figure 2e as a shift clock, 
and specifically, the test mode setup data DO, Dl, D2, and D3 of Figure 2f preset in said shift 
register (1) are synchronized with the fall of Figure 2e and sequentially read out of the MSB side 
of said shift register (1). 

(8) is an n-numbering counter, and the oscillation clock of Figure 2a generated from the 
above-mentioned clock generating circuit (3) and the output of Figure 2e being obtained from the 
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Q terminal of the above-mentioned T-FF (7) are given to said n-numbering counter (8). Also, in 
this application example, said counter (8) is set to a quarternary digit to correspond to the shift 
register (1) with the above-mentioned 4-bit constitution. Thus, said quaternary counter (8) counts 
the fall times of the output of Figure 2e four times, detects the fall of the oscillation clock of 
Figure 2a for the rise period "1" of Figure 2e immediately after that, and generates a reset control 
pulse of Figure 2g. Therefore, if a reset control pulse of Figure 2g is applied to the 
above-mentioned reset generating circuit (5), a reset signal d which falls from "1" to "0" is 
generated from said reset generating circuit (5). The above-mentioned T-FF (7) is reset by the 
fall of the reset signal d, and the shift operation of the above-mentioned shift register (1) is 
prohibited immediately after the output end of the above-mentioned test mode setup data. 

The above constitution is a circuit externally attached to the microcomputer (6) of one 
chip, which will be mentioned later, and said circuit prepares for reset signal, test mode setup 
data, and oscillation clock for the above-mentioned microcomputer (6) of one chip. 

Next, (6) shown by an alternating long and short dashed line is the above-mentioned 
microcomputer of one chip for evaluation, mass production, etc., and said microcomputer (6) 
includes the following constitutions. Each constitution is sequentially explained below. (9) is a 
reset terminal (test mode permit terminal), and the reset signal of Figure 2d generated from the 
above-mentioned reset generating circuit (5) is applied to said reset terminal (9). (10) is a test 
terminal (setup data applying terminal), and the test mode setup data DO, Dl, D2, and D3 of 
Figure 2e sequentially generated from the MSB side of the above-mentioned shift register (1) are 
sequentially serially given to said test terminal (10). (1 1) is a clock terminal, and the oscillating 
clock of Figure 2a generated from the above-mentioned clock generating circuit (3) is applied to 
said clock terminal (11). 

(12) is a rise detecting circuit for detecting the rise of the reset signal of Figure 2d, and 
the oscillation clock of Figure 2a and the reset signal of Figure 2d are given to said rise detecting 
circuit (12). In other words, a so-called rise detecting pulse of Figure 2i, which rises from "0" to 
"1" by synchronizing with the rise of the reset signal of Figure 2d and falls from "1" to "0" by 
synchronizing with the fall of the oscillation clock of Figure 2a, is generated from said rise 
detecting circuit (12). Also, (13) is a fall detecting circuit for detecting the fall of the 
above-mentioned reset signal, and the oscillation clock of Figure 2a and the reset signal of Figure 
2d are similarly given to said fall detecting circuit (13). In other words, a so-called fall detecting 
pulse of Figure 2j, which rises by synchronizing with the rise of the reset signal of Figure 2d and 
falls by synchronizing with the fall of the oscillation clock of Figure 2a, is generated from said 
fall detecting circuit (13). 
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(14) is a shift clock control circuit, and the oscillation clock Figure 2a, the rise detecting 
pulse of Figure 2i, and the fall detecting pulse of Figure 2j are given to said shift clock control 
circuit (14). In other words, said shift clock control circuit (14) is operated by applying the rise 
detecting pulse of Figure 2i, and the operation is prohibited by applying the fall detecting pulse 
of Figure 2j. Specifically, for "1" (one level) period of the reset signal d from the generation of 
the above-mentioned rise detecting pulse to the generation of above-mentioned fall detecting 
pulse, a so-called frequency-divided output of Figure 2h, in which x h frequency division is 
started from the rise of the oscillation clock of Figure 2a, is generated as a shift clock from said 
shift clock control circuit (14). Also, the shift clock of Figure 2h generated from said shift clock 
control circuit (14) shifts a shift register (15) which will be mentioned later. 

(15) is a shift register with the above-mentioned n-bit constitution, and the test mode 
setup data of Figure 2f and the shift clock of Figure 2h are given to said shift register (15). Here, 
in consideration of the correspondence to the shift register (1) with the 4-bit constitution, said 
shift register (15) also has a 4-bit constitution. In other words, the test mode setup data DO, Dl, 
D2, and D3 of Figure 2f are sequentially shifted from the LSB side to the MSB side of said shift 
register (15) by synchronizing with the fall of the shift block of Figure 2h and stored. Also, the 
reason why said shift register (15) is shifted at the fall timing of the shift clock of Figure 2h is 
that as seen from the timing of 2f and h, the generation state of the test mode setup data of Figure 
2f at the fall of the shift clock of Figure 2h is most stable. 

(16) is a test mode decoder, and the reset signal of Figure 2d and the stored contents of 
the above-mentioned shift register (15) are given to said test mode decoder (16). In other words, 
in a state of "0" (the other level) after the fall of the above-mentioned reset signal, said test mode 
decoder (16) is operated, so that the test mode control signals TMO-TM (2 n -l) in which the 
stored contents of the above-mentioned shift register (15) are decoded are generated (for 
example, it is assumed that one of the TM0-TM(2 n -l) is "1" and a prescribed test mode is 
implemented by said "1 ") from said test mode decoder (16). Here, since the stored data of said 
shift register (15) are 4 bits, 16 (= 2 4 ) kinds of test mode control signals TMO-TM 15 can be 
generated from said test mode decoder (16). 16 kinds of test modes can be generated from said 
test mode decoder (16). 16 kinds of test modes can be set in the above-mentioned microcomputer 
(6) by these 16 kinds of respective test mode control signals TMO-TM 15. Also, the above- 
mentioned shift register (15) sequentially gives the stored contents to said test mode decoder (16) 
each time the shift operation is carried out; however, since the reset signal of Figure 2d is at "1" 
level during the shift operation of said shift register (15), the decoding operation of said test 
mode decoder (16) is prohibited. Therefore, at that time, a wrong test mode control signal is not 
likely to be generated from said test mode decoder (16). 
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Hereto, the constitution of the inside of the above-mentioned microcomputer (6) has been 
explained. 

In other words, the reset signal of Figure 2d is applied to the reset terminal (9), and one of 
16 kinds settable by the test mode setup data "DO, Dl, D2, and D3" of Figure 2f is serially, 
sequentially added to the test terminal (10). Furthermore, if the oscillation clock of Figure 2a is 
applied to the clock terminal (1 1), the test mode control signals TM0-TM15 in which only one of 
them is "1" are generated from the test mode decoder (16) after the fall of the reset signal. Thus, 
the microcomputer (6) implements a prescribed test mode based on any test mode control signal 
being "1." Also, the change of the test mode being implemented in the microcomputer (6) means 
the change of the test mode control signal. In other words, for this purpose, the test mode setup 
data to be preset in the shift register (1) may be only changed, and the operation for this purpose 
is easy. 

Thus, the number of bits of the test mode setup data may be only increased to increase the 
number of test mode control signals. In other words, the shift register (15) with the number of 
bits equal to the number of bits of the test mode setup data may be only installed. Therefore, the 
number of test terminals (10) installed in the microcomputer (6) may always be one pin, 
regardless of the number of test mode control signals, so that the package of one chip can be 
miniaturized and the functions in one chip can be fulfilled. 

Effect of the invention 

According to the present invention, the number of bits of the test mode setup data may be 
only increased to increase the number of test mode control signals. In other words, the shift 
register with the number of bits equal to the number of bits of the test mode setup data may be 
only installed. Therefore, the number of setup data applying terminals installed in the 
microcomputer may always be one pin, regardless of the number of test mode control signals, so 
that the package of the microcomputer can be miniaturized and the functions can be fulfilled. 

Brief description of the figures 

Figure 1 is a block diagram showing the test mode setup circuit of a microcomputer of 
the present invention. Figure 2 is a timing chart showing each part waveform of Figure 1 . 
(6) Microcomputer 

(9) Reset terminal 

(10) Test terminal 

(14) Shift clock control circuit 

(15) Shift register 

(16) Test mode decoder 
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